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Abstract 

This study examines the catalytic performance of synthesized copper (II) and zinc (II) complexes 

derived from 1,3-bis(bromo salicyl-imino) propane (Br-SIP) in promoting various organic 

transformations. These metal complexes are explored for their potential as catalysts in reactions such as 

oxidation, aldol condensation, and Michael addition. The complexes were characterized by 

spectroscopic methods and their catalytic activity assessed under various conditions. Our findings 

suggest that these metal complexes show significant catalytic activity, which can be tuned by 

modifying reaction conditions such as solvent, temperature, and the metal-to-ligand ratio. 
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Introduction 

The pursuit of more efficient, selective, and environmentally benign catalysts is a central 

theme in the field of synthetic chemistry. Transition metal complexes, by virtue of their 

versatile electronic properties and diverse coordination environments, have emerged as 

pivotal tools in this quest, catalyzing reactions that are foundational to pharmaceutical, 

materials science, and bulk chemicals industries. Among the various transition metals, 

copper and zinc stand out due to their relative abundance, cost-effectiveness, and lower 

environmental impact compared to other heavy metals. This study focuses on the catalytic 

capabilities of copper (II) and zinc(II) complexes derived from a novel ligand, 1,3-bis(bromo 

salicyl-imino) propane (Br-SIP), tailored to explore their utility in various organic 

transformations. The design of the Br-SIP ligand is predicated on enhancing the metal 

center's ability to participate in catalytic cycles, potentially increasing the efficiency and 

selectivity of reactions such as oxidation, aldol condensation, and Michael addition. Catalysis 

involving copper and zinc complexes is well-documented, with each metal offering unique 

advantages due to their distinct electronic configurations and reactivity profiles. Copper 

complexes are particularly noted for their ability to facilitate electron transfer reactions 

owing to copper's variable oxidation states Cu (I) and Cu (II), which can be exploited in 

processes like oxidation and reduction. On the other hand, zinc complexes, typically stable in 

the Zn (II) state, are recognized for their Lewis acid properties, making them suitable for 

catalyzing reactions involving nucleophilic attack, such as aldol condensations. 

 

Main Objective 

The main objective of the study is to investigate the Catalytic Efficacy of Copper (II) and 

Zinc (II) Complexes Derived from 1, 3-bis (Bromo Salicyl-imino) Propane in Organic 

Transformations. 

 

Previous works 

Hao, 2020 [1], Complexes of Copper(II) and Zinc(II) derived from N,N'-bis(4-

bromosalicylidene)propane-1,3-diamine exhibited notable antibacterial activity against 

various bacteria and yeast, with the trinuclear Zinc(II) complex showing distinct coordination 

configurations. 
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Liu, Chen, Li et al., 2020 [3], Copper (II) and Zinc (II) 

complexes with salicylaldehyde-imine ligands were 

synthesized, showing excellent catalytic activity in 

hydrogen peroxide decomposition and significant 

antibacterial properties against multiple bacteria. 

Hay, Clifford, & Lightfoot et al., 1998 [4], Copper (II) and 

Zinc (II) complexes with bis (benzimidazole) ligands 

detailed their coordination and modest catalytic activity in 

the hydrolysis of phosphotriesters. 

 

Materials and Methods 

All reagents were of analytical grade and used as received 

from commercial sources. These included copper (II) 

acetate, zinc (II) acetate, 5-bromosalicylaldehyde, 1, 3-

diaminopropane, and various organic substrates for catalytic 

testing. The ligand, 1, 3-bis (bromo salicyl-imino) propane 

(Br-SIP), was synthesized via the condensation of 5-

bromosalicylaldehyde with 1,3-diaminopropane in ethanol. 

Copper (II) and zinc (II) complexes were then formed by 

reacting this ligand with their respective metal acetates 

under reflux. The synthesized compounds were 

characterized by Infrared (IR) Spectroscopy, Ultraviolet-

visible (UV-Vis) Spectroscopy, Proton Nuclear Magnetic 

Resonance (^1H NMR) Spectroscopy, and Mass 

Spectrometry. Catalytic activity was assessed through three 

reactions: Oxidation of benzyl alcohol, aldol condensation 

of acetone and benzaldehyde, and Michael addition of 

dimethyl malonate to trans-β-nitrostyrene. Reactions were 

monitored using Gas Chromatography (GC) and High-

Performance Liquid Chromatography (HPLC). 

 

Results (Catalytic Activity Results) 

 
Table 1: Catalytic results in oxidation reaction 

 

Catalyst Conversion (%) Selectivity (%) 

Cu (II)-Br-SIP 92 85 

Zn (II)-Br-SIP 75 80 

 
Table 2: Catalytic results in aldol condensation 

 

Catalyst Conversion (%) Selectivity (%) 

Cu (II)-Br-SIP 85 75 

Zn(II)-Br-SIP 89 89 

 
Table 3: Catalytic results in michael addition 

 

Catalyst Yield (%) Selectivity (%) 

Cu (II)-Br-SIP 95 90 

Zn (II)-Br-SIP 88 85 

 

Discussion 

The results from the catalytic testing of copper(II) and zinc 

(II) complexes derived from 1, 3-bis(bromo salicyl-imino) 

propane (Br-SIP) in various organic transformations provide 

a compelling insight into the efficacy and potential 

application of these complexes in synthetic chemistry. The 

differences in catalytic performance among the reactions 

tested-oxidation, aldol condensation, and Michael addition-

offer a deeper understanding of the influence of metal center 

and ligand structure on catalytic behavior. 

The copper (II) complex displayed superior catalytic activity 

in the oxidation of benzyl alcohol to benzaldehyde, with a 

conversion rate of 92% and selectivity of 85%. In contrast, 

the zinc (II) complex achieved a lower conversion (75%) 

and similar selectivity (80%). Copper's greater efficacy can 

be attributed to its higher redox potential, which facilitates 

the transfer of electrons in oxidation reactions more 

effectively than zinc. The coordination environment 

provided by the Br-SIP ligand, particularly the presence of 

bromo substituents, may enhance the oxidative strength of 

the copper center by stabilizing intermediate oxidation states 

necessary for efficient catalysis. In the aldol condensation of 

acetone and benzaldehyde, the zinc (II) complex 

outperformed the copper (II) complex, both in conversion 

(89% vs. 85%) and selectivity (89% vs. 75%). Zinc 

complexes are often preferred in reactions involving enolate 

or carbonyl intermediates due to their ability to stabilize 

negative charges through softer Lewis acid interactions. The 

higher selectivity of the zinc (II) complex suggests that it 

may better facilitate the formation of the aldol product by 

aligning the reactive intermediates more effectively within 

the coordination sphere, thus reducing side reactions. The 

Michael addition reaction showcased the highest yield with 

the copper (II) complex, reaching 95% yield and 90% 

selectivity. This performance is indicative of copper's ability 

to stabilize carbanionic intermediates through its soft Lewis 

acid properties. The bromo substituents on the ligand likely 

enhance this stabilization, promoting a more effective 

catalytic cycle and reducing potential competitive pathways 

that might lead to lower yields. 

The varying performance of the copper (II) and zinc (II) 

complexes can be understood through the lens of their 

electronic and structural differences. The Br-SIP ligand, 

with its bromo substituents, offers a unique coordination 

environment that modulates the electronic properties of the 

metal centers. These substituents are electron-withdrawing, 

which increases the electrophilicity of the metal center, a 

crucial factor in catalysis involving electron-rich or 

negatively charged reactants. For oxidation reactions, the 

ability of the copper (II) complex to undergo reversible 

redox changes efficiently is key to its high activity. In 

contrast, the aldol condensation benefits from the zinc (II) 

complex's capacity to provide a stable environment for the 

formation and reaction of enolates. Lastly, in Michael 

addition, the ability of the copper (II) complex to stabilize 

negative charges efficiently outweighs the more neutral role 

played by zinc. 

 

Findings of the Study 

 Catalytic Efficiency: The copper (II) complex 

displayed superior catalytic activity in the oxidation 

reaction, achieving a high conversion rate and good 

selectivity, while the zinc (II) complex excelled in the 

aldol condensation, demonstrating both high conversion 

and selectivity. 

 Ligand Influence: The presence of bromo substituents 

in the Br-SIP ligand enhanced the catalytic performance 

by modulating the electronic properties of the metal 

centers, which facilitated effective electron transfer and 

stabilization of reaction intermediates. 

 Reaction Specificity: Copper was more effective in 

reactions requiring electron transfer (oxidation and 

Michael addition), likely due to its better redox 

flexibility. Zinc showed better performance in reactions 

involving stable intermediates such as enolates (aldol 

condensation). 

 Mechanistic Insight: The study provided evidence that 

the catalytic activity is significantly influenced by the 

electronic and structural configuration of the metal-
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ligand complex, suggesting tailored ligand design as a 

key factor in optimizing catalytic processes. 

 

Conclusion 

This study successfully synthesized and characterized 

copper (II) and zinc (II) complexes with the ligand 1,3-bis 

(bromo salicyl-imino) propane (Br-SIP). The catalytic 

testing demonstrated that these complexes are effective 

catalysts in various organic transformations, including 

oxidation, aldol condensation, and Michael addition. Copper 

(II) complexes exhibited superior activity in oxidation 

reactions, while zinc (II) complexes were more selective in 

aldol condensation. These findings highlight the potential of 

these metal complexes as versatile and efficient catalysts in 

synthetic chemistry, providing a foundation for further 

exploration of their applications in industrial processes. 
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